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COVER: Schlieren photograph showing vigorous convective currents, caused 
by evaporative surface cooling, in a container of water. These instabilities in 


otherwise still water were discovered during studies of the use of schlieren tech- 
niques for detecting, observing, and measuring hydrodynamic phenomena. 


A STUDY OF 


VIGOROUS AND PERSISTENT mixing motions 
were observed in quiescent-appearing water by means 
of a schlieren optical system, in recent Bureau experi- 
ments. These motions, which took the form of plung- 
ing vertical sheets with occasional columnar plunging, 
were convective currents induced by the normal evapor- 
ative cooling of the surface layer. The experimental 
results indicate that such phenomena occur naturally 
and continuously in any lake, pond, or other body of 
water exposed to still air, and that they become in- 
creasingly vigorous when the air circulates freely over 
the surface. These findings help to explain some of the 
convection phenomena observed in fields such as ocea- 
nography, meteorology, astrophysics, and hydraulic 
engineering.’ 

A number of attempts have been made, under ideal- 
ized and rigidly controlled conditions, to verify ex- 
perimentally the theoretical solutions for predicting the 
onset of thermal convection in fluids. A few measure- 
ments have been made of uncontrolled natural 
phenomena, but these measurements have required the 
presence of a sensing element within the fluid which 
may have affected the results. In the present study, by 
W. G. Spangenberg and W. R. Rowland, a schlieren 
system normally used for supersonic aerodynamic 
studies was employed to serve as a remote indicator for 
defining the movements of transparent liquids. In 
liquid, as in air, refractive-index changes produced by 
small temperature differences permit the study of the 
circulation taking place as a result of these same tem- 
perature differences. 

To conduct the experiments, a tank of %4-in.-thick 
plate glass, with an inner cross section of 21 by 37 cm 
and a depth of 10 cm, was filled with tap water, covered, 
and placed in the collimated light beam of the schlieren 
system. With the aid of additional plane mirrors and 
prisms, both top and front views of the water could be 
simultaneously recorded by duplicate cameras. 
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Diagram of the schlieren optical system used to obtain 
induced in water by evaporation. 
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Mercury thermometers, calibrated to 0.1 °C, were 
used to measure temperature differences between the 
liquid and the ambient air. A 20-junction thermopile, 
made of 0.003-in.-diam wire, was used to measure tem- 
perature gradients within the liquid to the nearest 
0.01 °C. The reference junctions were connected to a 
temperature-stabilizing massive holder near the bottom 
of the tank, and the indicating junctions were con- 
nected to a screw-controlled traversing mechanism to 
obtain temperature measurements throughout the 
liquid. 

When the tank cover was removed, natural evapora- 
tion caused a cooled film or layer to grow downward 
within seconds from the water surface, increasing in 
thickness to a depth of 6 to 7mm. Protuberances then 
developed which extended into the unaffected liquid 
below. Shortly thereafter, sheets of liquid plunged pre- 
cipitously from the cooled surface layer, and dissipated 
by diffusion. 

From continuous monitoring of the schlieren image, 
it was apparent that the forms taken by the plunging 
sheets were time dependent. They grew and faded 
and continuously changed, sometimes appearing 
straight, sometimes curved, and branching or terminat- 
ing with no regular pattern of movement. This type 
of circulation contrasts sharply with the cellular circu- 
lation mode usually reported. After the tank remained 
undisturbed for several hours, the circulation appar- 
ently reached a steady state. Plunging was then only 
occasionally visible in the side view, mainly when the 
ambient air was disturbed. Dense stripes observed in 
the top view, however, did not disappear; they con- 
tinued to grow and fade alternately, even after a period 
of several days. When the evaporation rate was ac- 
celerated by raising the water temperature, additional 
plunging sheets per unit area formed, probably to ac- 
commodate the larger volumes of liquid cooled at the 
higher evaporation rate. 
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simultaneous top and side views of convection phenomena 
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Schlieren photographs of convection phenomena in water: (A) Side view of an uneven surface layer (white area) 


cooled by natural evaporation immediately before the onset of thermal convection. 


Black strip at the top is the 


meniscus. (B) Top view of a web-like pattern appearing on the water surface after convection starts. Simultaneous 


top (C) and side (D) views of convective sheets in water. 
that appeared as intertwining filaments during the experiments. 


and columnar plunging. 


Columnar plunging occasionally occurred, the col- 
umns appearing both singly and in groups within the 
cooled sheets, and also at isolated points removed from 
other disturbances, with both the columns and sheets 
appearing simultaneously. Apparently, distinctly dif- 
ferent sets of conditions are not required for the two 
circulation modes. However, the plunging columns 
were always transient manifestations. A few seconds 
after formation they spread into sheets which inter- 
laced with others to form branched patterns or cells. 

Temperature differences were measured with the 
thermopile at different depths in the body of the liquid, 
before and after the onset of convective currents. The 
temperature differences between the sheets and their 
surroundings also were determined. The temperature 
difference varied approximately exponentially with 
depth, and the temperature gradient was such that the 
side-view image showed about an 8-mm thickness or 
surface film affected at the time that plunging initiated. 
The image further showed this film to be immediately 

reduced to a thickness of about 5 mm. 

In theories predicting the onset of thermal convec- 
tion, convective circulation starts when the numerical 


The side view indicates the constantly changing patterns 
(E and F) Top and side views of simultaneous sheet 


value of the Rayleigh number,” Ra, given by the dimen- 
sionless combination 


_ gaph* 
Ra ko 


2 


exceeds a particular value. In this expression, g is the 
acceleration of gravity, a is the coefficient of cubical 
expansion, £ is the temperature gradient, h is the depth 
of the fluid, k is the thermal diffusivity, and v is the kin- 
ematic viscosity. Data from the present study showed 
that instability first occurs when Ra equals 1193 and 
the body of water is near room temperature. The 
data also indicated that the Ra value required to main- 
tain convective circulation is about 9 percent of that 
required to initiate convective currents. 


1 For further technical details, see Convective circula- 
tion in water induced by evaporative cooling, by W. G. 
Spangenberg and W.R. Rowland, Physics of Fluids 4, 
No. 6, 743 (June 1961). 

2 On convection currents in a horizontal layer of fluid, 
when the higher temperature is on the under side, Lord 
Rayleigh, Phil. Mag. 32, 529 (1916). 


50,000-Curie Cobalt 60 Source 


THE BUREAU recently acquired a 50,000-curie co- 
balt 60 source for use in a variety of research programs. 
This source, which produces as much gamma radiation 
as 180 lb of radium, has increased the Bureau’s present 
irradiation capacity by a factor of about 25. 

In recent years, cobalt 60 has been increasingly used 
for radiographic, therapeutic, and instrument calibra- 
tion purposes, and for radiation mechanism studies. 
The new 50,000-curie source will greatly extend the 
Bureau’s capabilities in gamma ray research, and it 
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will be a valuable tool for studying the properties of 
materials in their interactions with radiation. The 
source has been obtained as part of a cooperative pro- 
gram between the Atomic Energy Commission and 
the Bureau in furthering these studies. 

The cobalt 60 was produced from pellets of nonradio- 
active cobalt 59 by neutron bombardment in the reactor 
at Oak Ridge National Laboratory. After irradiation, 
the activity of each pellet was determined, and then 75 
pellets were loaded into each of 12 cylindrical stainless 
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The Bureau recently acquired a 50,000-curie cobalt 60 
source. The cobalt 60 is contained in 12 stainless steel 
capsules, like the one Dr. Scott Smith is examining. 
During transit from Oak Ridge National Laboratory to 
the Bureau’s Washington (D.C.) laboratories, the cap- 
sules were placed in a 5-ton, water-cooled lead container 
(foreground). (Note water connections on top of the 
container. ) 


steel capsules. The pellets were selected and placed, 
with those of greatest activity at the ends of the cap- 
sules, so as to produce a more uniform field. Care was 
also taken to load each capsule to near-equal total activ- 
ity. After loading, metal plugs were welded into the 
opening of each capsule to seal them against leakage. 

A five-ton lead container, mounted on a specially 
fitted truck, was used to transport the capsules from 
Oak Ridge to Washington, D.C. Water was circulated 
over the capsules to dissipate the heat generated by the 
radiation. At the Bureau, the capsules were removed 
from their lead container and inserted in holes drilled 
in a steel plate. Thus the capsules, standing vertically, 
form an open circle. The unloading, and subsequent 
storage of the capsules, was accomplished under about 
11 ft of water. 

As yet, no measurements of the gamma-ray field of 
this underwater source have been made. However, 
a special cavity ionization chamber is being constructed 
for this purpose. Problems arising from the geometry 
of the source, and from scattering (by both the water 
and the metal), must be accounted for in the measure- 
ments. 

The source will be used in a number of investiga- 
tions. The effects of intense gamma radiation on 
various fluorocarbons, both at normal and high pres- 
sure, will be studied, as will gamma-ray production 
of radicals at low temperature. The source will also 
be used in a program investigating the relation between 
radiolysis and photolysis. Various gases will be ex- 
posed to the source, then analyzed with a mass spectro- 
graph to determine what products resulted from irradi- 
ation. In all cases, the intense activity of the source 
will result in greatly reduced exposure times, and thus 
accelerate the research programs involved. 


System for Describing Visual Appearance 


THE INCREASING USE of color as an index of 
quality in many of the products manufactured today 
requires constant refinement in the methods employed 
for designating and measuring color and other aspects 
of appearance. To assist in this work, D. B. Judd of 
the Bureau has recently published a comprehensive 
system for describing visual appearance.’ In this sys- 
tem, the procedure frequently followed to explain 
the gradations in color perceived by the human eye has 
been correlated with additional aspects of visual per- 
ception to simplify, yet make more precise, the process 
of color designation. The system may be used as a 
guide in applying standards of color, opacity, and gloss, 
and it may have even wider applications in solving 
problems of appearance control. 

A psychological color solid in the shape of a rounded 
rhomboid has been used for many years to define 
color in terms of hue, lightness, and saturation. Hue 
is the name given to a color—such as red, yellow, 
green, or blue—and these four hues are thought of as 
being evenly spaced around the equator of the solid. 
Its vertical axis represents the second characteristic of 


June 1961 


color, lightness, with black at the bottom, white at the 
top, and the intermediate grays in between. Saturation, 
the third characteristic, is the degree of departure of 
a color from the axis out toward the surface of the solid, 
with the most saturated or strongest colors located on 
the surface. 

In the system developed at the Bureau, these three 
characteristics are correlated with other aspects of ap- 
pearance known as brightness, transparency, and glossi- 
ness. All of these attributes are then classified accord- 
ing to four modes of appearance. Most of the objects, 
areas, or surfaces perceived by the average observer 
may be represented at some point in one of the four 
figures used to define these various modes of appear- 
ance. 

In the first mode, designated an object mode of ap- 
pearance, the conventional color solid is employed to 
describe visual appearance in terms of hue, lightness, 
and saturation. Color perceptions in the second, a 
self-luminous mode of appearance, differ essentially in 
that brightness instead of lightness must be considered. 
The color solid used to distinguish between these two 
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Left: Vertical sections of the color-perception solid used for the self-luminous mode of visual appearance. Center: 


Triangular diagram used for locating achromatic appearances in the volume mode of visual appearance. 
Quadrilateral diagram used for locating achromatic appearances in the surface mode of visual appearance. 


attributes is shaped as an elongated double cone, with 
the vertical dimension representing brightness, and ex- 
tending from very dim at the bottom to very bright 
at the top. As in the rounded rhomboid, the other 
two dimensions represent hue and saturation. 

To relate transparency to visual perception in the 
third mode, the volume mode of appearance, the figure 
found to be applicable in representing gradations in 
transparency is a triangular diagram. Transparency 
is plotted along the horizontal axis, and lightness along 


A pattern of ambiguous grays which may be seen in two 
ways: (1) as six areas, two white, two black, and two 
different grays, all opaque, and (2) as three areas, one 
opaque white, one opaque black, with part of both 
behind a uniform transparent gray layer. 
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Right: 


the vertical axis. Any possible appearance of a volume 
perceived as achromatic, that is, with zero saturation 
and hue, may be represented by a point within the 
triangular boundary. Opaque grays, ranging from 
black to white, are represented at points on the vertical 
axis where transparency is equal to zero. Common 
names for achromatic color volumes, such as fog, 
smoke, or water, are shown at points in the triangle that 
represent these appearances. 

A figure with quadrilateral boundaries is used to 
represent degrees of glossiness of achromatic colors in 
the fourth mode of appearance, called the surface mode. 
In this figure, the left vertical line represents grays, 
ranging in lightness from black to white, and points 
along this line define mat, opaque appearances. The 
line at the top of the figure, sloping to the right, repre- 
sents the appearances of perfectly reflecting surfaces, 
extending from the opaque white appearance of milk 
glass, through a series of light, increasingly glossy 
grays, to the perfectly glossy gray appearance of a silver 
mirror. The vertical line at the right represents the 
appearances of perfect mirror surfaces of various re- 
flectances that are approximately equal in glossiness, 
such as an aluminum mirror or polished black glass. 
The horizontal line at the bottom of the figure is broken 
to show that no appearances exist on the lower bound- 
ary of this area, which extends from mat black at zero 
lightness to the appearance of a perfect mirror of zero 
reflectance. The lightness and glossiness of the achro- 
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matic appearances of various opaque surfaces have 
been indicated at appropriate points within the figure. 

The system permits gradual transitions between the 
various modes of appearances. It also takes into ac- 
count the fact that an object may be perceived in dif- 
ferent ways. For example, a pattern of two white, two 
black, and two gray patches—one light and one dark— 
may be seen as six juxtaposed perfectly opaque patches. 
However, more frequently the pattern has the appear- 


ance of two opaque patches side by side, one black, one 
white, with part of both patches behind a single trans- 
parent gray layer. Such a pattern demonstrates that 
the particular way in which an area or object is seen 
is just as important as its physical description. 


‘For further technical details, see A five-attribute 
system of describing visual appearance, by Deane B. 
Judd, ASTM Spec. Tech. Publ. 297 (1961). 


SUCCESSIVE IRRADIATION OF X-RAY FILM 


THE BUREAU has investigated the effects of ex- 
posure of X-ray film to two successive types of radia- 
tion. The results of this study,’ conducted by M. Ehr- 
lich and W. McLaughlin, show that the shapes of the 
density-versus-exposure curves resulting from such dual 
exposures are essentially the same as those of the curves 
resulting from the second exposure alone. This work, 
supported by the Atomic Energy Commission, may 
lead to a better understanding of the nature of the pho- 
tographic latent image and may also be of some interest 
in industrial and military applications of photographic 
dosimetry of X- and gamma (Y) radiation. 

It has been known for some time that various effects 
occur as the result of exposing photographic film to suc- 
cessive types of radiation. However, a systematic 
analysis of the behavior of the latent image under 
known conditions of successive exposures has been lack- 
ing. Therefore, this study was initiated to determine 
whether the photographic response of the emulsion, 
when doubly exposed, is predictable. The results indi- 
cate that it is predictable, at least in its essential 
features. 

Experimental Procedure 


Film specimens were exposed to various combina- 
tions of X- and y-rays, to y-rays and visible light, and 
to visible light and infrared radiation. Except for 
some preliminary studies, all of the exposures were 
made on one type of coarse-grain commercial X-ray 
film. Conventional processing techniques were used, 
as well as surface and internal development procedures. 

To establish a characteristic curve for each type of 
radiation, films were exposed to that radiation for vari- 
ous periods of time. Other film samples, exposed to the 
same radiation for the same time, were then exposed to 
a second type of radiation. After development, the 


Bureau research has shown that when X-ray film is ex- 
posed to two successive types of radiation the resulting 
density-versus-exposure curve is essentially that of the 
second exposure alone. W. McLaughlin positions dental- 
type films prior to exposure to gamma rays. The gamma 
rays are supplied by cobalt 60 sources positioned below 
the rotatable lead drums in the floor. 
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density of the image was determined with a photo- 
electric densitometer. 

Curves were plotted of photographic density versus 
the logarithm of the exposure required to produce a 
certain density. Comparison of the curves for individ- 
ual types of radiation with those of mixed exposures 
were made to show the effects of double exposure. 


Results 


After certain initial transitional effects which varied 
with the type of exposure and the density level involved 
and which, in many instances, could be identified with 
known double-exposure effects, the photographic re- 
sponse of an X-ray film to two types of radiation was 
found to be much the same as if they had been ex- 
posed only to the second type of radiation. For ex- 
ample, if the photographic density resulting from 
exposure of a film to X-rays was above the maximum 
density attainable with a certain exposure to y-rays, 
subsequent exposure to the y-rays resulted in a 
reduction of the density. This was the case regardless 
of whether the exposure was to X- or y-radiation, to 


visible light, or to infrared radiation, and regardless 
of the radiation intensities employed. Thus, although 
the photochemical mechanism may not be exactly the 
same for different types of double exposures, there does 
not seem to exist a striking difference in the gross be- 
havior of the photographic response curves for any two 
types of successive radiation exposures. 

These findings are compatible with the idea that the 
latent photographic image formed by a particular type 
and intensity of radiation is, in its size and structure, 
characteristic for the particular radiation employed. In 
the case of successive exposures to different types of 
radiation, the latent image characteristic for the first 
type of exposure is transformed—at least to a certain 
extent—into the latent image characteristic for the 
second type. 


F urther Work Needed 


Further work on the undeveloped latent image is re- 
quired before a detailed theory of the effects of double 
exposure can be formulated. Electron microscope 
studies of the latent-image should be made, as well as 
further densitometric studies of the latent image. Such 
studies could disclose how much of the effect of the 
second exposure is due to the formation of a new latent 
image and how much is due to the transformation of 
the silver deposits of the first exposure into those 
corresponding to the second exposure. 


‘For further technical details, see The photographic 
response to successive exposures of different types of 
radiation, by M. Ehrlich and W. McLaughlin, J. Opt. Soc. 
Am. (to be published). 


OZONE FORMATION BY GAMMA 
RADIATION 


THE BUREAU, as part of an investigation for the 
Army, has studied the y-radiation-induced formation of 
ozone from liquid and solid media. While studying the 
effect of ionizing radiation on the mechanisms of proc- 
esses under low-temperature conditions, D. W. Brown 
and L. A. Wall of the Bureau’s staff determined the 
yield of ozone as a function of dose in undiluted oxygen 
and in oxygen mixed with nitrogen, argon, and krypton. 

Ozone (Q;), an allotropic modification of oxygen 
(O,), is much more reactive than the usual form. As 
a stronger oxidizer than oxygen, ozone in the gas phase 
can be used as a water purifier. As it is so reactive, it 
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sometimes explodes unexpectedly as its concentration 
increases. In some chemical processes, ozone is used 
for selectively oxidizing double bonds in organic 
molecules. 

Ozone is formed when systems containing molecular 
oxygen are exposed to ionizing radiation. Because this 
product is undesirable in certain reactions, basic 
knowledge must be obtained on the kinetics and mech- 
anisms of the reactions of other substances with oxygen 
in order to further low-temperature studies of radiation- 
induced processes. 


Procedure 


For the irradiation, about 0.3 mole of sample was 
sealed in a pyrex ampoule and placed in a Dewar 2 con- 
taining an appropriate coolant, for example, liquid 
oxygen at 90 °K, liquid nitrogen at 77 °K, or liquid 
helium at 4.2 °K. All the samples were prepared on a 
high-vacuum line by condensing the gases in the pre- 
evacuated sample tubes with liquid nitrogen and then 
sealing off the tubes. The quantities of the gases used 
were calculated by the ideal gas laws from pressure- 
volume measurements on the vacuum system. Then the 
samples were irradiated with a cobalt 60 source shielded 
by water. 

After the irradiation the ozone content was deter- 
mined either by chemical methods or by dilatometry. 
The dilatometric process is preferred where large doses 
are to be accumulated because the ozone is not de- 
stroyed. When oxygen is converted to ozone, the 
density of the substance is increased and consequently, 


Curves showing ozone formation by gamma radiation of 
liquefied gases. The ozone content is plotted as a func- 
tion of dose. Solid section of lines represents experi- 
mental data. The top line fits points obtained for 
oxygen, both undiluted and containing up to 73 percent 
nitrogen or 37 percent krypton. The lower lines show 
the effect of argon. 
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the volume is decreased. By adding oxygen to the sur- 
rounding coolant as the ozone content ini the dilatometer 
becomes high, the meniscus can be kept in the capillary. 
The change in level of the meniscus produced by an in- 
crement of radiation was measured with a cathetometer. 
From the measured volume contraction of the oxygen 
in the dilatometer, the amount of ozone formed was cal- 
culated. Several irradiated dilatometers containing 
known quantities of material served as controls to as- 
sure that the same bath temperatures were used from 
one reading to the next. 

To determine the effect of dilution and energy on the 
yield of ozone, oxygen was mixed with argon, krypton, 
and nitrogen, respectively. Neither argon nor krypton 
can form stable compounds, but these diluents absorb 
some of the incident radiation and so can reduce the 
yield of ozone. Some nitrogen dioxide is formed in 
the presence of nitrogen—the main constituent of air— 
but the yield of ozone should also be reduced because 
less energy is absorbed by oxygen. 


Experimental Data 


Curves of percent ozone yield as a function of y-radia- 
tion dose were plotted. From the initial slope of the 
curve, six molecules of ozone were shown to form per 
100 ev (electron volts) of energy absorbed from the 
radiation. It was estimated from the curvature of the 
line for undiluted oxygen that the stationary concentra- 
tion of ozone would be about 13 mole percent. This 
estimate takes into account the separation of ozone and 
oxygen mixtures into two liquid phases when the over- 
all ozone content exceeds 6.9 percent at 77 °K. 

From these experiments, it was found that dilution 
with moderate amounts of inert gases does not radi- 
cally change the amount of ozone produced. Even 
argon does not decrease the yield as much as calculated 
for the reduction in oxygen content. During radiation, 
energy apparently is absorbed in the diluent. Although 
significant energy transfer occurs from all the diluents 
to oxygen, the amount of energy retained or transferred 
to oxygen varies with the specific diluent. Compli- 
cated kinetics or energy transfer mechanisms must 
contribute to the observed behavior. 


— DEWAR FLASK 
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Equipment for irradiating undiluted oxygen and oxygen 
mixtures. The dilatometers containing the liquid or 
solid oxygen directly measure the ozone produced by 
gamma radiation. 


The results in the presence of nitrogen have practical 
application for low-temperature experiments where 
liquid nitrogen is used to cool samples during irradi- 
ation. Commercially obtained liquid nitrogen may 
contain several percent oxygen. Even if initially pure, 
nitrogen condenses oxygen from the air. The Bureau 
has found that the amount of ozone formed during 
irradiation of liquid nitrogen is disproportionately 
high considering the oxygen content. If divided or 
reactive organic materials such as polystyrene foam 
or rubber are soaked in irradiated liquid nitrogen, 
they will ignite when lifted from the liquid. The ozone 
is concentrated when the nitrogen is evaporated and 
the amount is apparently large enough to cause ignition. 
Because liquid ozone can explode even when no organic 
matter is present, irradiated liquid nitrogen should not 
be permitted to evaporate completely from its container. 


1 Gamma irradiation of liquid and solid oxygen, D. V. 
Brown and L. A. Wall, J. Phys. Chem. (in press). 

2? Atoms and radicals at 4 °K, L. A. Wall, D. W. 
Brown, and R. E. Florin, J. Phys. Chem. 63, 1762 
(1959). 


1961 Cryogenic Engineering Conference 


The 1961 Cryogenic Engineering Conference will 
be sponsored by the University of Michigan and will 
be held in Ann Arbor, Mich. on August 15, 16, and 
17. Preregistration information and a copy of the 
program will be available the latter part of July, 
1961. 

Papers at previous conferences have dealt with 
liquefaction cycles, purification of gases, gas separa- 
tion, distillation, heat transfer, catalysis, fluid flow, 
absorption, hydrogen and LOX production, cryo- 
genic fuels, oxidants, pressurants, missile problems, 
mechanical and thermal properties, vacuum insula- 
tion, powder insulation, super insulation, safety, fric- 
tion studies, vapor-liquid equilibria, liquid level 
devices, probes, pumps, bearings, transfer lines, de- 
wars, cryostats, temperature and pressure measuring 
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devices, expansion engines and turbines, heat ex- 
changes, regenerators, high energy and nuclear ap- 
plications, bubble chambers, etc. This list is cer- 
tainly not complete. 

Proceedings of past conferences entitled Advances 
in Cryogenic Engineering, Vol. 1-6 are still avail- 
able. These may be ordered directly from the pub- 
lisher, Plenum Press, Inc., 227 W. 17th St., New 
York, 11, N.Y., at a cost of $13.50 per copy. Dele- 
gates who attended the 1960 conference will auto- 
matically receive copies of the 1960 Proceedings 
(Vol. 6). 

For further information, contact K. D. Timmer- 
haus, Secretary, Cryogenic Engineering Conference, 
Chemical Engineering Department, University of 


Colorado, Boulder, Colo. 
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Accurate Thermal Voltage Converters 


THERMAL VOLTAGE CONVERTERS of low and 
computable reactance have been developed by F’. L. 
Hermach and E. S. Williams of the Bureau for accurate 
measurements of rms voltages. These converters * 
give excellent a-c—d-c transfer performance at frequen- 
cies up to 30 Mc/s. They can be used quicky and 
easily to determine the frequency influence of other 
rms instruments and are also useful for direct a-c 
measurements by the transfer technique. 

The converters are inexpensive and easy to construct. 
Their frequency influence may be estimated by reason- 
ably simple equations, with results that agree well with 
the values measured by other techniques up to 40 Mc/s. 

These rms voltage converters may be used to calibrate 
commercially available radiofrequency thermocouple 
voltmeters and, with sine-wave generators, are equally 
effective in calibrating electronic voltmeters. In all 
these applications, the applied frequency need not be 
closely determined nor held because of the nearly flat 
frequency response. 

A thermal voltage converter ? is a thermoelement of 
low current input rating with an associated series im- 
pedance or transformer, such that the emf developed 
at the output terminals gives a measure of the voltage 
applied to the input terminals. These radiofrequency 
thermal voltage converters make use of the transfer 
principle,’ in which a direct voltage is substituted for 
the alternating voltage to be measured. With the con- 
verter and a similar device under test connected to the 
same alternating voltage input, the input is adjusted 
to give the required indication of the device, and the 
reading of the converter is observed. The converter 
is then connected to a direct voltage input that is ad- 
justed to give the same reading of the converter, and 
this input is measured with a potentiometer, digital 
voltmeter, or other appropriate apparatus. Thus only 
good short-time stability, high precision of reading, and 
small known frequency influence are required of the 
transfer instrument. 

A-c—d-c difference tests to determine the frequency 
influence of other rms instruments may be made with 
these converters to ().1 percent or better to at least 
10 Mc/s, and to 0.2 percent at 30 Mc/s. The a-c—d-c 
difference of the instrument under test may be deter- 
mined by connecting the converter and the instrument 
to the same voltage and switching both successively to 
alternating and direct current. The voltages are ad- 
justed to obtain the same indication of the instrument, 
and the differences in readings of the converter are 
observed. From these differences and the scale factor 
of the converter, the a-c—d-c difference or frequency re- 
sponse of the instrument may be determined. Because 
these differences are relatively stable, their measure- 
ment need not ordinarily be repeated. 

A thermal voltage converter that uses a thermoele- 
ment in series with a current-limiting wire-wound re- 
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sistor can be used to make highly accurate voltage 
measurements at audio and ultrasonic frequencies.** 
For such converters, the frequency range is limited 
primarily by the residual reactance of the wire-wound 
resistor. Recent tests have shown that good perform- 
ance can sometimes be obtained up to frequencies ap- 
proaching 1 Mc/s. 

The type of voltage converter recently designed at 
the Bureau was developed to evaluate converters pre- 
viously constructed with wire-wound resistors. The 
new design incorporates cylindrical deposited-carbon 
resistors in series with an ultra-high-frequency 5-ma 
thermoelement having a short, straight heater in line 
with its supports, coaxially mounted in a brass cylinder. 
The residual reactances are much smaller than those of 
wire-wound resistors, and can be computed at least 
approximately, so that the frequency errors can be 
estimated. These converters are used to make accurate 
measurements of rms voltages of 1 to 200 v at frequen- 


Above: Thermal voltage converter developed for meas- 


urements at 50 v or below. (R) film-type resistor of 
ly-in. diameter and 2-in. length; (TE) thermoelement; 
(A) coaxial input connector; (B) two-pin output con- 
nector; (D:, D.) circular brass disks of 3/16-in. thickness 
secured to F with brass serews; (F) cylindrical brass 
shield of 2-in. diameter and 4.25-in. length; (G@) cross 
wire to support thermoelement. Below: Thermal voltage 
converter with compensating shields developed for 100- 
and 200-v measurements. (S;) cylindrical brass. shield 
of 2-in. diameter with one brass end plate; (S.) cylin- 
drical brass shield of 2-in. diameter having both ends 
open, axially adjustable. F is of 2.5-in. diameter and 
7.9-in length. 


NBS Technical News Bulletin 


An accurate thermal voltage converter (center fore- 
ground) is used to find the frequency response of a 
thermocouple voltmeter. KF. L. Hermach adjusts the 
indication of the voltmeter under test to the desired 
value by adjusting the a-c input signal. He will then 
read the voltage to the thermal converter with the help 
of the galvanometer at center rear. The galvyanometer 
is connected to the Lindeck potentiometer in the fore- 
ground to give a more accurate reading than is obtainable 
directly from a millivoltmeter. Next, the voltmeter and 
the converter are connected to a d-c input and this input 
is adjusted to give the same reading of the voltmeter as 
obtained with the a-c input. From the difference in the 
galvanometer readings, the operator can quickly deter- 
mine the frequency response of the voltmeter. Several 
converters are in the right foreground. 


cies from 3 c/s to 30 Mc/s. In this case, better resolu- 
tion is obtained by using a specialized potentiometer 
rather than a millivoltmeter for reading the output. 

The 100- and 200-v converters contain two resistors, 
a 10-ma thermoelement, and two cylindrical inner 
shields, one of which can be axially adjusted to mini- 
mize the effect of the distributed capacitance from the 
resistors to the outer cylinder. This arrangement con- 
siderably extends their frequency range. The 50-v 
converter operates well with only a single resistor and 
one fixed inner shield. 

The higher-range voltage converters require con- 
siderable power, up to 2 w, and have marked (although 
short) warm-up drift. These disadvantages could be 
reduced by using a 5-ma thermoelement in series with 
metal-film resistors of higher resistance, although this 
would very probably reduce the frequency range for 
the same attainable accuracy. 


*For further details, see Thermal voltage converters 
for accurate voltage measurements to 30 megacycles per 
second, by F. L. Hermach and E. S. Williams, ALEE 
Trans., pt. I (Communication and Electronics) 79, 200 
(1960). 

* Electrical indicating instruments, ASA C39.1-1959, 
Am. Standards Assn., Inc., New York, N.Y., sect. 3.11.3 
(May 1959). 

*Thermal converters as ac-dce transfer standards for 
current and voltage measurements at audio frequencies, 
by F. L. Hermach, J. Research NBS 48, 121 (1952). 

“A wide-range volt-ampere converter for current and 
voltage measurements, by F. L. Hermach and E. S. Wil- 
liams, AIEE Trans., pt. 1 (Communication and Elec- 
tronics) 78, 384 (Sept. 1959) . 


High-Purity Trimethylborane 


TRIMETHYLBORANE of 99.9 mole percent purity 
has been prepared by G. S. Ross, D. Enagonio, C. A. 
Hewitt, and A. R. Glasgow of the Bureau. In this 
highly purified form the compound has proved useful 
as a neutron-capturing gas in proportional counters. It 
has also been used in thermodynamic studies requiring 
extremely high-purity samples of various substances. 

Because trimethylborane, B(CH;);, is a gaseous, 
toxic, reactive material that ignites on contact with air, 
special precautions were taken to insure safe handling. 
The gas, which was prepared in other laboratories, was 
converted to the solid, relatively stable ammonia adduct, 
NH;:B(CH;);, before being shipped to the Bureau 
for purification. Also, specially constructed stainless- 
steel apparatus was used for the liberation, distillation, 
and storage of the trimethylborane. 

Before being reduced to trimethylborane, the adduct 
was purified by fractionation in a glass vacuum appa- 
ratus. Mass spectrographic analysis of each fraction 
permitted selection of the purest material for reduction 
to trimethylborane. After purification, the adduct was 
reacted with hydrogen chloride gas to liberate trimeth- 
ylborane. Because commercial hydrogen chloride 
often contains hard-to-remove organic impurities, the 
gas was generated from sodium chloride and sulfuric 
acid. 
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Trimethylborane was released from the adduct by 
reaction with hydrogen chloride in the stainless-steel 
apparatus. The reactants were held at room tempera- 
ture for at least 24 hr to insure completeness of reac- 
tion. The trimethylborane was refluxed and then dis- 
tilled into a stainless-steel storage cylinder. Determina- 
tion of the vapor pressure soon after preparation, and 
again after several weeks of storage, indicated that the 
gas is stable at room temperature when confined in air- 
tight, stainless-steel containers. 

Cryoscopic analysis of the liberated trimethylborane 
indicated that a purity of 99.9 mole percent had been 
achieved. The infrared spectra of the purified gas were 
obtained by J. B. Stewart. Several bands previously 
assigned to trimethylborane were totally absent, leading 
to the conclusion that they were due to impurities in the 
earlier materials. 

The highly purified trimethylborane has been used as 
a neutron capturing gas in proportional counters by the 
Naval Research Laboratory. It was known that the 
large number of hydrogen atoms in the B(CH;), mole- 
cule would effectively slow epithermal neutrons, per- 
mitting their capture by the boron nucleus. To do this, 
however, the gas must be in an extremely pure form. 
Until the Bureau developed this method of purification, 
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trimethylborane of sufficient purity was not available 
for use in counters. 

Measurements of many of the thermodynamic prop- 
erties of trimethylborane were made by the Bureau’s 
heat measurements laboratory. Some of the values 
determined are: 

Equilibrium melting tem- 

peratiites= eee Lis 2127 
Molal heat of fusion_~---- 3250 abs j/mole. 
Molal heat of transition___ 810 abs j/mole. 


Smoothed values of the molal heat capacity, enthalpy, 
entropy, and Gibbs free energy were computed from the 
data over a wide range of temperatures. 

The heats of formation and combustion of trimethyl- 
borane were determined by the Bureau’s thermo- 
chemistry laboratory. The values obtained are: 


Heat of formation______ — 34.8 kcal/mole 
at 25°C. 

Heat of combustion —714.5 kcal/mole 
(liquid) . at 252: 


ULTRA-LOW CONDUCTIVITY WATER 


APPLYING an electrophoretic ion-exclusion tech- 
nique, the Bureau recently succeeded in preparing 
water of extremely low ion content.1 The water ob- 
tained has an electrical conductivity of 0.039 x 10° 
ohm-? at 18 °C, indicating a residual ion content which 
is equivalent to a sodium chloride concentration of one 
part per billion. Containing less than one third of the 
ionic impurities of the water prepared by Kohlrausch 
and Heydweiller ? in their historic purification experi- 
ments, this water approaches the theoretical conductiv- 
ity—and ideal purity—more closely than any values 
previously reported in the literature. 

Water, because of its abundance, its importance to 
the physical sciences, and its role as a life-supporting 
liquid, has been the subject of intense study for many 
years. Yet, despite all this research, it apparently had 
not been produced previously with such a small ionic 
content. 

The present research, undertaken by Wolfgang Hal- 
ler and H. C. Duecker, was part of a study on ion diffu- 
*sion. In designing the purification procedure, two 
principal considerations were involved. First, instead 
of using multiple distillation as in the classic experi- 
ments, an electrophoretic procedure was applied. In 


this way purest water was obtained in 2 hr, while in the 
best previous study,” 36 consecutive vacuum distilla- 
tions were required. Second, the purification appa- 
ratus was designed to recirculate the purified water 
continuously through the electric field, thus immedi- 
ately removing any ions which might originate from 
the walls of the apparatus and contaminate the already 
purified water. 

By this kinetic method, it is possible to maintain the 
purity of the water if a container material with very 
low ion release is used. While fused silica containers 
which had been exposed to water for 10 years were 
utilized in former purifications,” high-density polyeth- 
ylene, platinum, and borosilicate glass which had been 
exposed to steam for a number of hours just before 
purification were found suitable for the present experi- 
ments. The steam condenses in the apparatus, thus 
rinsing its internal surfaces with a stream of freshly 
distilled water. At the temperature of this treatment, 
the diffusion of ions from the glass—which is the main 
potential source of ionic impurities—is many times 
faster than at the temperatures at which the apparatus 
is used, resulting in an effective depletion of the sur- 
face regions of the glass from objectionable ions. 


Data on ultra low-conductivity water obtained by various workers 


Cone. (in ppm) 
of a sodium 
Worker Conductivity Temperature chloride solu- | Method of purification 
in 10-6 ohm-! tion with same 
em-! conductivity 
Lan 
HYaller amd Dilecker 1 ------aeeeeneeennnenen Paetiatrcn bear Pee es + tans | {Electrophoresis 
Kohlrausch and Heydweiller 2________._.________- SO ce eet 
OGD 6 | 25 ere eee eee SE ae . 0032 
Bengough, Stuart, and Lee [1927]__-..____________ . 045 i hse os eri wt aI ON Sin os. eS . 0043 
Kraus aide Dexter [1922] sae eee eee eee OAS So Sener sos ee een . 0059 | }Distillation. 
Weiland [1918] 225222 ee ee eee Be ee 0. 053-0. 066 1S 5. Ree eee Se ee 0. 0086-0. 0156 
Bencowitz and Hotchkiss [1926]- 222-282-2222 22. 06 -.07 INGE SEVET ox ee eel 
Thiessen and Herrmann [1987]_:-:.-=.-.-----.-_=- 065= O8Ois| "2522 ae ea eee eee . 0046— . 0118 
Kuninnd MeGarveyatl Oat) see= ae ee see 0. 07 Not: Sivent-t2 ane to on se eee Ton exchange. 
Gostkow sk: (1934 | seo ee eae tee See ee . 07 Oe ae ts ee 0. 0280 
FROGtt [1896] 28222 es ae ee ee ee . 081 Not iver 2 so. ac eee oe = ||| a ee ee eee 
Bourdillon [1913 ]s es = se ee e ae eee A086: HLS eee eee oe eee . 0260 RNS rr 
"S20t | 1a ee Cee “0000 Distillation. 
Pure water (theoretieal)z-.=2 222 ae see aoe O54O 25 55 eee ee eee ee . 0000 
OU \i0sSe es ae een eee . 0000 
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Purification 


In the purification process, an electric field causes 
anionic and cationic impurities to migrate from water 
in the center part of a purification cell through two 
ion-selective membranes, thus depleting the water in 
the center compartment of ionic impurities. The water 
is continuously recirculated by a platinum impeller 
pump through the electric field of 1,000 v/cm, which 
is maintained between the surfaces of the two mem- 
branes. Other components in ihe pure-water loop are 
a heat exchanger, a conductivity cell, and a thermometer 
well. The surfaces of the ion-selective membrane which 
are opposite to the pure water, are in contact with elec- 
trolyte solutions (0.05 N ammonium hydroxide and 
0.02 N sulfuric acid) , which are connected by platinum 
electrodes to a stabilized d-c source. Both electrolytes 
are circulated through separate loops by a multichannel 
peristaltic pump. These loops contain heat exchangers 
and storage reservoirs. 

The rapid flow of the electrolytes provides a homo- 
geneous ion distribution in the region between the mem- 
branes and the platinum electrodes. If this circulation 
is not maintained, the voltage gradient in this area de- 
creases the electrolyte concentration next to the mem- 
branes. Then the electrical resistance between mem- 
branes and electrodes increases, leading to a drop in 
effective membrane-to-membrane voltage which is es- 
sential for the purification process. The rapid flow 
past the electrodes also reduces any gas polarization of 
the electrodes because the gas bubbles are carried into 
the reservoir where they can escape. 

The conductivity measurements are made in a care- 
fully calibrated conductivity cell, located in the pure 
water loop at the exit of the purification cell. A lim- 
iting purity is reached after about 2 hr of operation. 


Dissociation Constant 


With the postulation of the theory of ionic dissocia- 
tion in the late 1800's, early workers found it convenient 
to measure the electrical conductivity of ion-free water 
to obtain quantitative data on the dissociation equilib- 
rium of water. However, because research carried out 
in this period led to values which later had to be cor- 
rected, today’s best values of the dissociation constant 
are based on indirect methods, which do not necessitate 
the preparation of ultra-pure water. As the Bureau’s 
low-conductivity water more closely approaches ulti- 
mate purity than any water reported before, and as 
more correct supporting electrochemical data are avail- 
able today, Bureau scientists have been able to apply 
the electrical conductance approach to measurement of 
the dissociation constant of the water.® 


* For further technical information, see Ultra low-con- 
ductivity water by electrophoretic ion exclusion, by Wolf- 
gang Haller and H. C. Duecker, J. Research NBS, 64A 
(Phys. and Chem.), 527 (Nov.—Dec. 1960). 

*F. Kohlrausch and A. Heydweiller, Wied. Ann. 53, 
209 (1894) ; Z. physik. Chem. 14, 317 (1894). 

* Determination of the dissociation equilibria of water 
by a conductance method, by H. C. Duecker and W. Hal- 
ler (to be published) . 
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Apparatus developed for preparing water with extremely 
low ion content includes: (A) impeller pump, (B) peris- 
taltic pump, (C) center compartment, (D) conductivity 
cell, (E) thermometer well, (F) cation permeable mem- 
brane, (G) anion permeable membrane, (H) cathode, 
(1) anode, (J) cathode compartment, (K) anode com- 
partment, (M) cathodal reservoir, and (N) anodal 
reservoir. 
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Standard Hydrocarbon Blends 
EIGHT STANDARD hydrocarbon blends are now 


available from the Bureau for calibrating instruments 
used in analyzing gasoline and blending stocks. These 
standard samples—primarily intended for mass spec- 
trometer calibration—are mixtures containing seven or 
eight pure hydrocarbons representing C; and Cs paraf- 
fins and cycloparaffins in typical virgin and catalytically 
cracked naphthas. The standards may also be appli- 
cable for infrared and gas chromatographic techniques. 

The development of this new group of standard ma- 
terials has been part of an extensive program to provide 
standard substances for chemical and physical uses. 

Before mixing the blends used for preparing the 
standard samples, the component hydrocarbons are 
brought to the same temperature. Then the desired 
volume of each component is transferred in a calibrated 
pipet to a common flask. For the individual compo- 
nents present in the mixture in 10 percent or less, the 
limits of error are not greater than +£0.01 percent and 
for components present in over 10 percent, the limits of 
error are not greater than +0.10 percent. 

To minimize any possible reaction that might occur 
between the components and air during storage, the 
standard samples are bottled in a nitrogen-filled, con- 
trolled-environment box. To deliver a small amount of 
sample into the ampoule and to prevent fractionation, 
a hypodermic syringe connected to a series of gears 
was designed for filling the individual ampoules with 
about 0.03 ml of blend. After each ampoule is filled, 
it is temporarily closed with a nonpermeable, fluoro- 
elastomer cap and cooled in liquid nitrogen. Then it 
is sealed below the cap with a gas-oxygen flame. 

Originally, the standard samples were to be issued 
in 1-ml lots for multiple sampling. However, it was 
found that the samples fractionated when part of the 
blend was removed to run a test. Therefore, every 
standard sample consists of 10 “one-shot” ampoules, 
each containing enough of the blend for only one 
calibration. 

To check the uniformity of specimens from each 
blend, random samples of the filled ampoules were 
analyzed. Only differences in composition within the 


Apparatus for preparing standard hydrocarbon blends 
under controlled atmospheric conditions. The Bureau 
has developed eight standard samples for use in calibrat- 
ing mass spectrometers. By a half turn of the gears, 
D. J. Termini fills an ampoule with sufficient blend for 
one calibration. 
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sensitivity of the instrument were observed in these 
determinations. 

Each standard sample—consisting of 10 “one-shot” 
ampoules—may be obtained for $12.00 from the Stand- 
ard Samples Clerk, National Bureau of Standards, 
Washington 25, D.C. The samples desired should be 
identified both by name and number. 


NBS Hydrocarbon Blends 


Standard 


sample no. Name 


592 Hydrocarbon Calibration Biend No. 1 
C, Paraffins in Typical Virgin Naphthas 
593 Hydrocarbon Calibration Blend No. 2 
C; Paraffins in Typical Catalytically Cracked 
Naphthas 
594 Hydrocarbon Calibration Blend No. 3 
C; Paraffins in Typical Virgin Naphthas 
595 Hydrocarbon Calibration Blend No. 4 
C; Paraffins in  Catalytically Cracked 
Naphthas 
596 Hydrocarbon Calibration Blend No. 5 
C; Cycloparaffins in Typical Virgin Naphthas 
597 Hydrocarbon Calibration Blend No. 6 
C; Cycloparaffins in Catalytically Cracked 
Naphthas 
598 Hydrocarbon Calibration Blend No. 7 
Cs; Cycloparaffins in Typical Virgin Naphthas 
599 Hydrocarbon Calibration Blend No. 8 
Cs Cycloparaffins in Catalytically Cracked 
Naphthas 


New Spectroscopic Standard Samples 


Two new types of spectrochemical standards '— a 
set of eight white cast irons and a set of three naval 
brasses—have been developed and made available by 
the Bureau. These standards are suitable for both op- 
tical emission and X-ray analysis. 

As part of the Bureau’s standard materials program, 
spectroscopic standard samples are prepared, chemi- 
cally analyzed, and certified in close cooperation with 
industrial and government groups. In the past few 
years, the spectrochemical program has been extended 
to meet the needs for standards in critical calibration 
areas. Particularly important are ferrous standards 
certified for such elements as carbon, phosphorus, and 
sulfur; nonferrous standards issued in cast and wrought 
conditions; and new high-temperature alloys of com- 
plex composition. 

Although comprising a graded series in composition 
for 20 elements, the white cast-iron standards will be 
certified initially for only 10 constituents: Carbon, 
phosphorus, sulfur, silicon, manganese, nickel, copper, 
chromium, molybdenum, and vanadium. These 
samples are distributed in the chill-cast form only. A 
provisional certificate of analysis is issued with each 
standard sample. 

The three naval brass standards, prepared by a spe- 
cial casting technique, are available in both chill-cast 
and wrought forms. The chill-cast samples are 114 in. 
square and 34 in. thick, and the wrought samples are 
114 in. in diameter and 3% in. thick. Both types are 
equally suitable for use in optical emission and X-ray 
spectrochemical analysis. This is the first time that 
the Bureau has prepared both forms of an alloy sample 
for calibration purposes where the structure of the 
alloy may be an important factor. A provisional cer- 
tificate of analysis is issued with each sample of naval 
brass. 


Caution should be observed in the use of the chill- 
cast samples, which are designed for calibration in the 
analysis of specimens prepared in the same manner. 
Their use with specimens prepared by other casting 
techniques may result in considerable bias. 

The cast iron and the naval brass standards may be 
purchased for $25.00 per sample from the Standard 
Samples Clerk, National Bureau of Standards, Wash- 
ington 25, D.C. Further information may be obtained 
through the Standard Samples Clerk. 


*A complete listing of standard materials is given in 
NBS Circular 552, Standard Materials. This Circular 
may be ordered for 35 cents from the Superintendent of 
Documents, U.S. Government Printing Office, Washington 
25, D.C. Up-to-date supplementary inserts, which are 
issued periodically, are available upon request directly 
from the National Bureau of Standards. 


Naval brass standards 


NBS No.! 1106 1107 1108 
C1106 C1107 C1108 
Element Percent Percent Percent 
Cus se 5.2 ses 9. 61. 2 64. 9 
Tha, 2 pee ee 40. 0 Sino: 34. 4 
24 gin as sal = cap 0. 034 0. 19 0. 06 
Hemet ter cee 2S (2) | See ee S| eee 
Sree ee oer eee Bl A: 1. 05 . 39 
A i ME Be 3 (. 02;) (0. 095) 032 
VET) Seen ee, Ste SOODS Zoe ree Sas 0825 


1 Size and metallurgical condition: 1100 series are wrought samples 114 in. 
in diameter, 34 in. thick. C1100 series are chill-cast samples 114 in. square, 
34 in. thick. 

2 Dashes indicate elements present but not certified. 

3 Values in parenthesis are not certified, but are given for information on 
the composition. 


White cast iron standards 


INIB SBN Glee 2 1176 lea 1178 
(iehe.. 2 Piston Wear Die 
ring plate 

Element: Percent Percent Percent 
(Ce .47 if 34 Il 
WW. oo 0. 63 Ona 0. 86 
(2 a 42 61 5 ke 
Wik 202.6 061 037 . 026 
Necks 3. 19 88 1.91 
(Cia =. 7 ee 0. 76 . 087 0. 16 
Mik re . 05; 2. 97 2025 
(ON 2 eS eee ee tl 1. 39 0. 89 
Vins te ilze 0. 005 . O17 
Ga ee ee ee ee 59 1. 49 94 


1179 1180 1181 1182 1183 
Brake Mold Special 1 | Special 2 | Special 3 
drum 
Percent Percent Percent Percent Percent 
; 3. 28 ay NOT 
0. 64 Thy 24 Ie Ys 0. 45 0. 91 
3 PB 0. 055 0. 29 . 85 Ot 
. 165 . 086 . 052 . 046 025 
1. 34 3. 04 2. 54 saul LAZ6 
0. 41 0. 20 1. 47 . 49 lig al 
ih, Bul . 044 0. 11 + 73 0. 53 
(0), 2a} 14 2. 04 . 029 O77 
. 036 26 Oe aa 06 080 
31 155 . 042 Ols 02, 


1 Size and metallurgical condition: Samples are approximately 1}4-in. square and % in. thick; they were chill-cast white by a rapid unidirectional solidification 
technique and the addition of innoculants when necessary, and were given a Stress relief heat treatment at 1,100 °F for 1 hr (this is below the graphitizing 


temperature). 


June 1961 


103 


Gold Medal Exceptional StimicobAwarde 
Go to Nine Staff Members 


NINE BUREAU staff members have been awarded 
Gold Medals for Exceptional Service, in the Depart- 
ment of Commerce Thirteenth Honor Awards Cere- 
mony, held recently at the Commerce Auditorium. Sec- 
retary of Commerce Luther Hodges made the presenta- 
tions. At the ceremony, 14 such medals in all were 
awarded to individuals in the various Commerce 
agencies. 

Following are the National Bureau of Standards Gold 
Medal winners and their citations: 


Bowles, Branscomb, Brown 


Dr. KenneTH L. Bow .es, Chief of the Ionosphere 
and Exosphere Scatter Section at the Boulder (Colo.) 
Laboratories. Cited for “outstanding contributions to 
radio-science by the demonstration and development 
of techniques involving the incoherent scatter of radio 
waves by electrons in the ionosphere.” 


Dr. Lewis M. Branscoms, Chief of the Atomic Phys- 
ics Division. Cited for “very effective leadership and 
outstanding scientific contributions in the development 
of basic knowledge of the atomic processes of stellar 
atmospheres, the terrestrial ionosphere, and interplan- 
etary space.” 


Dr. F. W. Brown, Director of the Boulder Labora- 
tories. Cited for “exceptional skill and achievement 
in the administration of major scientific research 
programs.” 


Dr. NorMAN Craic, member of the Electrochemistry 
Section. Cited for “outstanding work in the accurate 
determination of the faraday, an important funda- 
mental constant of physics and chemistry.” 


Tuomas G. Dicces, Assistant Chief of the Metallurgy 
Division. Cited for “exceptional contributions to the 
science of metallurgy through his own research on a 
variety of metallurgical phenomena and through the 
origination and leadership of highly significant scien- 
tific programs at the managerial level.” 
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Craig, Digges, Mockler 


Dr. RicHarpD C. Mock er, Chief of the Atomic Fre- 
quency and Time Interval Standards Section at the 
Boulder Laboratories. Cited for “leadership and per- 
sonal technical contribution of the highest order in 
the achievement of a frequency and time standard of 
previously unattained accuracy.” 


Joun L. Pararas, Instrument Shop Chief. Cited for 
“exceptional achievements in the design and construc- 
tion of unique extra-high-vacuum and very low tem- 
perature laboratory equipment.” 


Dr. FRANKLIN E. Roacu, Chief of the Airglow and ~ 
Aurora Section at the Boulder Laboratories. Cited for 
“outstanding contribution to upper atmosphere physics 
by means of studies of optical emissions from the night 
sky.” 


Dr. I. C. ScHoonover, Associate Director for Plan- 
ning. Cited for “exceptional leadership of significance 
to the Department and the nation on materials research, 
program and organization planning, development and 
utilization of scientists; and for extraordinary versa~ 
tility as a scientist-executive.” 


Pararas, Roach, Schoonover 
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FOURTH TEMPERATURE SYMPOSIUM 


A SYMPOSIUM on Temperature—Its Measurement 
and Control in Science and Industry was held in Colum- 
bus, Ohio, March 27 to 31. This meeting, sponsored 
by the American Institute of Physics, the Instrument 
Society of America, and the National Bureau of Stand- 
ards, was attended by over 900 scientists and engineers 
from the United States as well as Great Britain, the 
Soviet Union, Germany, Canada, Australia, and other 
foreign nations. More than 250 papers were presented, 
covering a wide range of topics. W. A. Wildhack of 
NBS was general chairman of the Symposium; other 
officers of the general committee were Elmer Hutchisson, 
AIP, vice-chairman; C. L. Roberson, ISA, secretary; 
and C. M. Herzfeld, NBS, program chairman. 

Because temperature plays an important role in 
science and in a wide range of processes, both industrial 
and biological, constant efforts are being made to 
measure and control temperature with greater accuracy 
and effectiveness. The symposium provided research- 
ers with an opportunity to present the results of their 
latest investigations in these areas. Topics covered 
ranged from near absolute zero to the temperature of 
the stars, from the ocean floor to the upper atmosphere. 
Of particular interest was the wide coverage given the 
role of temperature in biological and medical problems. 

This symposium was the fourth in a series started in 
1919. Subsequent meetings were held in 1939 and 
1954. Under the editorship of C. M. Herzfeld, the pro- 
ceedings of the 1961 symposium will be published 
within the next year as a three-volume edition by the 
Reinhold Publishing Company.t. The General Com- 
mittee for the 1961 Symposium will continue in being 
to decide upon and arrange a series of smaller, more 
specialized conferences during the next several years. 
These conferences will cover areas of developing im- 
portance in the temperature field. It is felt that another 
general symposium will be appropriate after 7 to 10 
years. 

The symposium program was divided into the fol- 
lowing areas: Definitions of temperature and establish- 
ment of temperature scales; principles and applications 
of various measuring instruments; and the applications 
of measurement methods in various special fields. In 
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addition, several plenary sessions were held for the 
presentation of papers covering broad areas rather than 
specific research results. Time was allotted for open 
discussion after all papers excepting those read at 
plenary sessions. Because of the large number of 
papers being presented, as many as four concurrent 
meetings were sometimes in session. 

The meeting was opened by Allen V. Astin, NBS 
Director. In a brief address, Dr. Astin commented 
upon the increasing importance and difficulty of mak- 
ing temperature measurements. He also noted that 
temperature measurements are importantly related to 
man’s attempt to understand and improve the world in 
which he lives. At a banquet held Wednesday evening, 
March 29, Nathan Cohn, Vice-President of Technical 
Affairs, Leeds and Northrup Co., addressed the group 
on “The Challenges Around Us.” 


Temperature Scales 


In order to make reproducible measurements of 
temperature, a scale or scales must be agreed upon 
which can be used to assign a number to a particular 
temperature determination. Both the thermodynamic 
(Kelvin) and the International Practical Temperature 
Scales were discussed, and comments were made upon 
the means of realizing these scales, as well as the differ- 
ences between them. The use of fixed points, such 
as the triple point of water and the boiling point of 
sulfur, to define the temperature scales was described, 
as were developments in the search for more accurate 
fixed points. The actions of the General Conference 
on Weights and Measures (Oct. 1960) in revising the 
text of the International Practical Temperature Scale 
were noted.” 

With the rapid growth of cryogenic research and 
engineering, a need has arisen for an accurate tempera- 
ture scale extending to near absolute zero. Several 
such scales were discussed, including the thermody- 
namic scale below 1 °K, and the platinum resistance 
thermometer scale for use down to 10 °K. A low- 
temperature thermometer utilizing the Mossbauer effect 
was also described. 


Measuring Instruments 


The determination of temperature is becoming in- 
creasingly important, not only over the normal span 
of operating conditions, but at extremely high and low 
temperatures as well. Techniques of temperature 
measurement must be extended to cover these regions, 
and must be improved in accuracy at all levels. A 


Representatives of the three sponsors of the recent Tem- 
perature Symposium meet with banquet speaker Nathan 
Cohn (left). Mr. Cohn addressed the gathering concern- 
ing “The Challenges Around Us.” To the right are 
William Wildhack, NBS, Elmer Hutchisson, AIP, and 
Ralph Tripp, ISA. 
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B.| THERMOCOUPLES 
AND MATERIALS 


large number of measuring techniques were discussed 
at the symposium, including both optical and non- 
optical methods. 

Optical methods of temperature measurement in- 


clude pyrometry, spectroscopy, and others. These 
methods are used where the temperature is so high as 
to destroy any instrument operating by direct contact, 
or where the source is inaccessible, as with the sun. 
Recent developments of optical pyrometers were re- 
viewed, including photoelectric and two-color pyrom- 
eters. Also, the use of spectroscopic analysis of the 
light emitted from a source as a means of determining 
temperature was considered in detail. 

Nonoptical methods were given extensive coverage 
in a number of sessions. The construction, calibra- 
tion, and use of various types of thermocouples were 
outlined in detail, and the effects of intense nuclear 
radiation upon couples were reported. It has been 
found that the radiation has little effect upon the therm- 
ocouple material itself, but may cause degenerative 
changes in the insulators used to protect the couple, 
and thus result in inaccuracies. 

A number of unusual temperature measuring methods 
were also described. The use of a thin film of metal, 
deposited on a ceramic backing element, was discussed. 
This technique, in which the film acts as a voltage 
divider, is useful in the measurement of temperature 
within shock tubes. A method of using an acoustical 
interferometer to determine temperatures in the liquid 
helium range was presented. This device permits the 
determination of the velocity of sound in a gas, from 
which, if the pressure is known, the temperature can 
be computed. The measurement of temperature in a 
plasma jet, using an ablating probe, was considered, as 
was the measurement of the surface temperature of 
ablating silica. 

The temperature of a gas can be calculated if the 
pressure, density, and molecular weight are known. 
A procedure by which the density of a gas could be 
determined by means of beta-ray attenuation, and then 
converted to temperature values, was outlined. A num- 
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MAIN AUDITORIU 


At the recent Symposium on Tempera- 
ture—Its Measurement and Control in 
Science and Industry, C. M. Herzfeld, 
NBS (left), A. V. Astin, Director, Na- 
tional Bureau of Standards (center), 
and Wallace Waterfall, American Insti- 
tute of Physics, discuss the importance 
of accurate temperature measurement 
to modern technology. In the back- 
ground is a listing of some of the topics 
covered at the Symposium. 


ber of fusible temperature indicators, which melt at a 
carefully determined temperature, were reviewed. 
Various other techniques were described, including the 
measurement of temperatures of microwave noise 
sources, the measurement of temperature in high speed 
systems, and various methods of determining rocket 
and jet engine temperatures. 

The flow of gas through an orifice, nozzle, or capil- 
lary tube is affected by temperature. Several papers 
sureveyed and discussed measurement and control de- 
vices utilizing one or a combination of these elements. 
Some, with water cooled probes, have been used to 
measure rocket exhaust temperatures; others are de- 
signed to be usefully accurate to the temperature of 
liquid hydrogen. 

Several papers dealt with calibration techniques 
used by the Bureau and by industry.* In addition, a 
special meeting was held at which questions concern- 
ing standards and the calibration of instruments were 
answered by a panel of standards and calibration 


experts. 
Special Fields 


Several sessions were concerned with the determina- 
tion of temperature in special fields. Included were 
discussions of temperature measurements in moving 
systems, in cryogenics, and in geo- and astrophysics. 
Automatic methods of temperature measurement and 
control were surveyed, reflecting the growing interest 
in industrial automation. Methods of generating ex- 
tremely high temperatures were considered, including 
thermal imaging, ultra-high-frequency induction fur- 
naces, and arc furnaces; and techniques for measuring 
these temperatures were reported. 

As temperature profoundly affects the ability of liv- 
ing organisms to adapt to an environment, and as 
changes in temperature affect the metabolic activity 
of the organism, the importance of temperature to 
biology and medicine was considered in detail. Topics 
presented included hibernation, physiological responses 
to cold, acclimatization to heat, temperature sensitivity, 
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and life at relatively high temperatures. Methods of 
producing hypothermia (lowered body temperature) 
and the medical implications and uses of this technique 
were outlined. 

Temperature determinations in astrophysics were 
also summarized. Papers included the measurement 
of temperature in the solar corona, solar prominences, 
and meteors, and the determination of temperature 
from the optical continuum and from spectral lines. 
Geophysical temperatures were discussed, including 
such topics as the temperature of the ocean floor, perma- 
frost, and the upper atmosphere. 


*Meanwhile, a limited number of copies of the 116- 
page Digest of symposium papers is available from the 
American Institute of Physics for $5.00 per copy. 

* For a general description of the actions of the 1960 
meeting of the General Conference, see Wavelength 
of Kr* light becomes new international standard of 
length, NBS Tech. News Bul. 44, 199-200 (Dec. 1960). 
A more complete description of the text revision of the 
International Practical Temperature Scale is carried 
in the NBS Tech. News Bul. 45, 65-66 (April 1961). 

° See Thermocouple calibration, NBS Tech. News Bul. 
45, 44-48 (March 1961) and Calibration of platinum 
resistance thermometers, NBS Tech. News Bul. 45, 62- 
65 (April 1961). 


DR. ERNEST AMBLER, a senior physicist in the 
Cryogenic Physics Section at the Bureau, and an inter- 
nationally recognized expert in the field of low temper- 
ature physics, has been named one of the 10 outstand- 
ing young men in the Federal Government for 1960. 
The Arthur S. Flemming Award was conferred on Dr. 
Ambler in recognition of his brilliant experimental re- 
search into the physical behavior of oriented nuclear 
systems at very low temperatures. 

Suggested by and named for Arthur S. Flemming, 
former Chairman of the Civil Service Commission and 
former Secretary of Health, Education, and Welfare, 
the awards were begun in 1948. They are sponsored 
by the Washington Junior Chamber of Commeice, 
which each year selects five young men to be recipients 
because of their accomplishments in science, and an- 
other five for their outstanding work as administrators 
or executives. 

Dr. Ambler is the eighth National Bureau of Stand- 
ards recipient. of a Flemming Award in the 13 years 
it has been conferred. The earlier NBS award win- 
ners were: Dr. Harold Lyons, 1948; Dana K. Bailey, 
1951; Robert L. Henry, 1953; Dr. John Pellam, 1953; 
Dr. Herbert P. Broida, 1955; Dr. Leo A. Wall, 1956, 
and Dr. Leo Mandelkern, 1958. 

Dr. Ambler is British by birth and Oxford-educated. 
He came to this country in 1953 and joined the Bureau 
staff the same year. He immediately began perform- 
ing magnetic research and nuclear orientation studies 
at temperatures approaching absolute zero, and within 
eight months had completed the first nuclear alinement 
experiments to be conducted in the United States. 

Dr. Ambler and his associates, Hayward, Hoppes, 
and Hudson, gained world recognition in 1956 for 
the now-famous parity experiments they conducted in 
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Ambler Receives Flemming Award 


cooperation with Dr. Chien Shiung Wu of Columbia 
University. Using apparatus Dr. Ambler had already 
developed for his nuclear orientation studies, the 
group carried out a series of investigations based on a 
theoretical paper by Drs. Lee and Yang. A few months 
earlier these two brilliant young Chinese-born the- 
oreticians had speculated that some of the basic assump- 
tions heretofore made about space and time might not 
be correct. 

The experiments at the Bureau proved the Yang-Lee 
theoretical concept, and thus upset the “law of parity” 
to which nuclear scientists had adhered for 30 years. 
Drs. Lee and Yang were subsequently awarded the 
Nobel Prize in Physics in 1957. 

Dr. Ambler has been closely involved with numerous 
other cryogenic research projects at the Bureau, in- 
cluding a high precision study of the helium vapor 
pressure scale of temperature (1 to 5 °K), which forms 
the basis of the major part of the current low tem- 
perature research throughout the world; development 
of a “magnetic scale” of temperature for the region 
0.01 to 1 °K, the first time a serious attempt at quanti- 
tative determinations has been made in this unusually 
difficult region; experiments in the antiferromagnetic 
transition in paramagnetic salts at very low tempera- 
tures, testing existing theories of magnetic interaction 
in solids through a study of the thermodynamic dia- 
gram of state; and development of new materials for 
thermometry in the region of 1 °K. 

Dr. Ambler is currently serving as Acting Section 
Chief of the Cryogenic Physics Section at the Bureau 
during the absence for one year of Dr. R. P. Hudson, 
who is studying at Oxford University under an NBS 
Training Grant. 

Dr. Ambler was born in Bradford, Yorkshire, Eng- 
land, in 1923. He took his B.A., M.A., and Ph. D. 
degrees at Oxford University in 1945, 1949, and 1953, 
respectively, all in the field of physics. Dr. Ambler be- 
came a United States citizen in 1958, five years after 
coming to this country. He is a fellow of the American 
Physical Society and a member of the Washington 
Academy of Sciences. 
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Periodicals 


Technical News Bulletin, Volume 45, No. 5, May 1961. 15 
cents. Annual subscription: $1.50, 75 cents additional for 
foreign mailing. Available on a 1-, 2-, or 3-year subscription 
basis. 

Basic Radio Propagation Predictions for August 1961. Three 
months in advance. CRPL-201, issued May 1961. 15 cents. 
Annual subscription $1.50, 50 cents additional for foreign 
mailing. Available on a 1-, 2-, or 3-year subscription basis. 

Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year. 

Annual subscription: Domestic, $4; foreign, $4.75. 

Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign 
$2.75. 

Section C. Engineering and Instrumentation. Issued quar- 
terly. Annual subscription: Domestic, $2.25; foreign, $2.75. 

Section D. Radio Propagation. Issued six times a year. 
Annual subscription: Domestic, $4; foreign, $4.75. 

Section A. Physics and Chemistry, Volume 65A, No. 3, May- 
June 1961. 

International practical temperature scale of 1948. 
sion of 1960, H. F. Stimson. 

Evaluation of the NBS unit of resistance based on a computa- 
ble capacitor, R. D. Cutkosky. 

Wavelengths and intensities in the first spectrum of bromine, 
2000 to 13000 A, J. L. Tech and C. H. Corliss. 

Torsional resonance vibrations of uniform bars of square cross 
section, W. E. Tefft and S. Spinner. 

Infrared studies of aragonite, calcite, and vaterite type struc- 
tures in the borates, carbonates, and nitrates, C. E. Weir and 
E. R. Lippincott. 

Dielectric properties of polyamides: polyhexamethylene adipa- 
mide and polyhexamethylene sebacamide, A. J. Curtis. 

Heat of formation of calcium alminate monocarbonate at 
25 °C. H. A. Berman and E. S. Newman. 

Thermodynamic constants for association of isomeric chloro- 
benzoic and toluic acids with 1,3-diphenylquanidine in ben- 
zene, M. M. Davis and H. B. Hertzer. 

Heats of combustion and formation of trimethylborane, triethy]- 
borane, and tri-n-butylborane, W. H. Johnson, M. V. Kilday, 
and E. J. Prosen. 

Pyrolysis of linear copolymers of ethylene and propylene, S. 
Straus and L. A. Wall. 

Pyrolysis of fluorocarbon polymers, L. A. Wall and S. Straus. 

Preparation of fluoro- and bromofluoroaryl compounds by copy- 
rlysis of bromofluoroalkanes, L. A. Wall, J. E. Fearn, W. J. 
Pummer, and R. E. Lowry. 

Thermal stability of polydivinylbenzene and of copolymers of 
styrene with divinylbenzene and with trivinylbenzene, S. 
Straus and S. L. Madorsky. 

Conformations of the pyranoid sugars. IV. Infrared absorp- 
tion spectra of some fully acetylated pyranoses, R. S. Tipson 
and H. S. Isbell. 

A standard for the measurement of pH of blood and other physio- 
logical media, V. E. Bower, M. Paabo, and R. G. Bates. 
Section B. Mathematics and Mathematical Physics, Volume 

65B, No. 2, April-June 1961. 

Optimal approximation for functions prescribed at equally 
spaced points, H. F. Weinberger. 

Truncations in the method of intermediate problems for lower 
bounds to eigenvalues, N. W. Bazley and D. W. Fox. 
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Text revi- 


Comparison theorems for symmetric functions of characteristic 
roots, M. Marcus. 

Some properties of the empirical distribution function of a 
random process, M. M. Siddiqui. 

Another extension of Heinz’s inequality, M. Marcus. 

Mean motions in conditionally periodic separable systems, J. P. 
Vinti. 

es boundary value problems involving plasma media, J. R. 

ait. , 

A new decomposition formula in the theory of elasticity, J. H. 
Bramble and L. E. Payne. 

Pointwise bounds in the Cauchy problem of elastic plates, L. E. 
Payne. 

Section C. Engineering and Instrumentation, Volume 65C, No. 
2, April-June 1961. 

An experimental study concerning the pressurization and strati- 
fication of liquid hydrogen, A. F. Schmidt, J. R. Purcell, W. A. 
Wilson, and R. V. Smith. 

Temperature dependence of elastic constants of some cermet 
specimens, S. Spinner. 

Analog simulation of zone melting, H. L. Mason. 

Residual losses in a guard-ring micrometer-electrode holder for 
solid-disk dielectric specimens, A. H. Scott and W. P. Harris. 

A bolometer mount efficiency measurement technique, G. F. 
Engen. 

Telescope for measurement of optic angle of mica, S. Ruthberg. 

An automatic fringe counting interferometer for use in the 
calibration of line scales, H. D. Cook and L. A. Marzetta. 

Section D. Radio Propagation, Volume 65D, No. 3, May-June 
1961. 

Propagation studies using direction-finding techniques, E. C. 
Hayden. 

Diversity effects in long-distance high frequency radio pulse 
propagation, S.A. Bowhill. 

Influence of ionospheric conditions on the accuracy of high fre- 
quency direction finding, P. J. D. Gething. 

Phase difference observations at spaced aerials and their applica- 
tion to direction finding, W. C. Bain. 

Research at the National Bureau of Standards applicable to 
long-distance location and direction-finding problems, R. 
Silberstein. 

Design for spinning goniometer automatic direction finding, W. 
J. Lindsay and D. S. Heim. 

Resolution characteristics of correlation arrays, I. W. Linder. 

Instrumentation for propagation and direction-finding measure- 
ments, E. C. Hayden. 

Brooke variance classification system for DF bearings, E. M. L. 
Beale. 

Estimation of variances of position lines from fixes with 
unknown target positions, E. M. L. Beale. z 

Statistics of a radio wave diffracted by a random ionosphere, 
S. A. Bowhill. 

Space analysis of radio signals, J. B. Smyth. 

Effect of receiver bandwidth on the amplitude distribution of 
VLF atmospheric noise, F. F. Fulton, Jr. 

Excitation of VLF and ELF radio waves by a horizontal mag- 
netic dipole, J. Galejs. 
Publications for which a price is indicated (except for Tech- 

nical Notes) are available only from the Superintendent of 

Documents, U.S. Government Printing Office, Washington 25, 

D.C. (foreign postage, one-fourth additional). Reprints from 

outside journals and the NBS Journal of Research may often be 

obtained directly from the authors. 
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